We have identified 317 stars included in the Hipparcos astrometric catalogue which have parallaxes measured to a precision of better than 15%, and whose location in the (M V , (B-V) T ) diagram implies a metallicity comparable to or less than that of the intermediate-abundance globular cluster, M5. We have undertaken an extensive literature search to locate Strömgren, Johnson/Cousins and Walraven photometry for over 120 stars. In addition, we present new UBV(RI) C photometry of 201 of these candidate halo stars, together with similar data for a further 14 known metal-poor subdwarfs. Those observations provide the first extensive dataset of R C I C photometry of metal-poor, main-sequence stars with well-determined trigonometric parallaxes. Finally, we have obtained intermediate-resolution optical spectroscopy of 175 stars.
INTRODUCTION
Main-sequence fitting remains one of the principal methods of determining distances, and hence turnoff luminosities and age estimates, for Galactic globular clusters. While recent investigations suggest that cluster ages may no longer set stringent constraints on cosmological models (Perlmutter et al., 1998; Schmidt et al., 1998; Riess et al., 2000) , these measurements remain an important probe of the formation and evolution of the Milky Way. Empirical mainsequence fitting demands calibrators with chemical abundances well matched to the target cluster, and spanning a sufficient range in colour on the unevolved main-sequence to provide a reliable distance modulus estimate. Unfortunately, those conditions are met for scarcely any Galactic globulars, even with the addition of milliarcsecond-accuracy astrometric data from the Hipparcos satellite (ESA, 1997). The local space density of the halo is sufficiently low that distance analyses (Reid, 1997 (Reid, , 1998 Gratton et al., 1997b; Pont et al., 1997; Carretta et al., 2000) rest on data for barely two dozen subdwarfs which have both accurate parallax and abundance determinations, and, to the best of present knowledge, are single stars.
The situation is particularly acute for metal poor globular clusters, with abundances [m/H]< −1.6. While several halo stars with extreme abundances have reliable Hipparcos parallax measurements, most of those stars have MV < 5, placing them near the main-sequence turnoff. Evolutionary effects lead to a steepening of the main sequence at those luminosities in globular clusters, and a small mismatch in age, colour or abundance between calibrator and cluster can lead to substantial systematic errors in inferred distance moduli in main-sequence fitting. Of the few lower main-sequence subdwarfs with [m/H]< −1.5, the only star widely used as a distance calibrator is BD+66 268. Unfortunately, that star c 0000 RAS is a binary of uncertain mass ratio, and hence uncertain true luminosity.
The scarcity of G and K subdwarfs with accurate parallaxes is not surprising. Unevolved subdwarfs have MV > 5.5; the Hipparcos sample is complete to a magnitude limit of V = 7.9 + 1.1 sin b. Adopting V lim = 8.5, this gives a sampling volume of ∼ 1.3 × 10 5 pc 3 at MV = 6. The space density of subdwarfs at that absolute magnitude is only ∼ 0.2%ρ disk , or ∼ 6 × 10 −6 stars pc −1 mag −1 , so we expect only one such halo star (spanning the full abundance range) in the Hipparcos catalogue. HD 103095 meets these criteria, with MV = 6.61, [m/H] = -1.22 and V = 6.42. Clementini et al. (1998) have addressed this issue, the scarcity of reliable subdwarfs calibrators, by undertaking improved abundance determinations of known subdwarfs; we adopt an alternative strategy, searching for previously unrecognised subdwarfs. More distant subdwarfs have lower precision parallax measurements, which can lead to systematic biases, such as the Lutz-Kelker effect, if the relative uncertainties, σπ π , exceed ∼ 15%. Since Hipparcos parallaxes have typical uncertainties, ǫπ, of 1 to 1.5 milliarcseconds (mas), this effectively limits the survey volume to r < 100 parsecs. Nonetheless, given the local subdwarf space density estimated above, we might expect 15 to 20 subdwarfs with MV > 5.5 and V < 12 to lie within range of Hipparcos measurement.
The Hipparcos catalogue is far from complete at magnitudes fainter than V=9, but does include a significant number of proper motion stars, mainly from the Lowell survey (Giclas et al., 1958) . Proper motion surveys are biased toward high velocity stars, and are therefore good hunting grounds for halo subdwarfs. Despite extensive work by Carney and collaborators (Carney et al., 1994 and refs within) , only a subset of the Lowell stars have accurate photometry and/or spectroscopy. Thus, it remains possible that subdwarfs lie unrecognised amongst the fainter stars observed by Hipparcos.
Besides proper motions and parallaxes, the Hipparcos catalogue provides photometric data. We can therefore place each star on the HR diagram. Since metal-poor stars are known to be subluminous with respect to the disk main sequence at a given colour (or, more correctly, hotter at a given mass), those photometric data offer the possibility of identifying additional subdwarfs. This paper marks the first phase in such an analysis. We identify 317 stars with colours consistent with abundances [m/H]≤ −1.1. Using both previously published data and our own observations, we have collected accurate photometry and spectroscopy for 80% of the sample. Almost all are eliminated as likely subdwarfs, and most of the survivors are well known halo stars. Nonetheless, our observations identify a handful of new calibrators, and provide the first extensive catalogue of RI photometry of confirmed metal-poor subdwarfs.
THE SAMPLE

Selection criteria
The primary source of photometry for Hipparcos stars is the Tycho experiment, which used grids of star mappers to measure stellar fluxes in two passbands approximating the Johnson BV system. As discussed in vol. 3 of the Hipparcos catalogue, there are systematic differences between Tycho photometry and the standard system (see also Bessell, 2000) . The Hipparcos catalogue lists BV photometry culled from the literature for many sources, and Figures 1a and 1b use the latter measurements to illustrate the colour terms present in both VT and BT . Figure 1c shows that those terms cancel to a large extent for stars bluer than (B-V)T = 0.6, i.e. for F and G dwarfs (B − V )T ≈ (B − V ) ⋆ At later spectral types, (B-V)T is redder than the Johnson (B-V) colour. The Hipparcos catalogue also lists (V-I) colours, but these are drawn from such a wide variety of sources that, as noted by Clementini et al. (1998) , the measurements are of little practical benefit for our purposes. Our aim is to identify candidate metal-poor subdwarfs with reliable parallax measurements. Thus, as a first step, we consider only stars in the Hipparcos catalogue with parallaxes measured to a formal precision, σπ π , better than 15%. This corresponds to a systematic Lutz-Kelker correction of ∆MV = 0.3 magnitudes for a sample with a uniform space distribution (N (π) ∝ π −4 ); in reality, subdwarf samples are likely to have a flatter parallax distribution (N (π) ∝ π −n , n < 4), with correspondingly smaller Lutz-Kelker corrections.
Candidate metal-poor stars have been selected based on their location in the (MV , (B-V)) colour-magnitude diagram. .14 (abundances from Carretta & Gratton, 1997; see Reid, 1999 , for a summary of the distance modulus determinations † ). Those clusters provide a reference grid for the identification of candidate F-and G-type subdwarfs.
For present purposes, since we are concerned with relatively blue stars, we ignore the systematic colour difference between the Tycho and Johnson systems. Interpolating between the M5 and 47 Tuc CMDs, we define an (MV , (B-V)) relation corresponding approximately to [Fe/H] = -1. We have identified all Hipparcos stars with σpi π < 0.15 lying blueward of that relation, truncating the sample at (B-V)T = 0.8. We also impose a cutoff at MV < 4, where the evolved halo colour-magnitude relations approach the disk main sequence. Figure 2 plots the Tycho photometry for the 317 stars which match these criteria ‡ Our aim is to sift through this sample, using additional data from the literature, together with our own observations, to eliminate interlopers and identify bona fide subdwarfs for future detailed study. Table 1 lists the Hipparcos astrometry and photometry for the candidate subdwarfs plotted in Figure 2 . We list both the Hipparcos catalogue number and a more conventional designation. In addition to the Tycho photometry, we include the BV literature data cited in the catalogue. A cursory inspection shows that several of the latter measurements are in significant disagreement with the Tycho data. Indeed, as discussed further below, the majority of those stars prove to have entered the present sample due to errors in VT , BT .
The sample outlined in Table 1 forms the starting point for the current investigation. A number of stars have spectroscopic abundance measurements, as described in §3. Subsequent sections outline supplementary photometric and spectroscopic observations, drawn both from the literature (based on the extensive cross-referencing in the SIMBAD database) and from our own observations. Column 10 in Table 1 indicates which stars have accurate ground-based photometry (in addition to the literature-derived V, (B-V) values cited in the Hipparcos catalogue, which we denote as V l and (B-V) l in Table 1 ): s indicates Strömgren photometry ( §4.1); W, Walraven photometry ( §4.2); O, Johnson/Cousins UBVRI literature data ( §5.2); and C & C1, Johnson/Cousins UBVRI photometry from SAAO observations, where C1 indicates observations at only one epoch ( §5.3). Column 11 flags stars with spectroscopic observations from Las Campanas ( §6). Column 12 summarises our main conclusions by identifying those stars confirmed as likely to † Anthony- Twarog & Twarog (2000) have recently derived a distance modulus of (m-M) 0 =12.15 for NGC 6397 based on mainsequence fitting using Strömgren photometry. ‡ The Hipparcos catalogue includes a number of stars lacking Tycho photometry. Those stars are obviously not included in our present exercise. Nor have we eliminated stars with significant formal errors in the Tycho photometry. < 15% and π > 32 mas. The dashed line outlines the schematic mainsequence and giant branch in the metal-rich globular, 47 Tucanae (at (m-M)=13.55); the solid line marks the relation for the intermediate abundance cluster, M5 (at (m-M)=14.5); and the dashed line plots the fiducial relation for the metal-poor cluster, NGC 6397 (at (m-M)=12.14). Solid points mark candidate metal-poor subdwarfs.
have [m/H]< −1 ('H', halo subdwarfs); stars of probable intermediate abundance, −1 > [m/H] > −0.3 ('I'); and stars likely to have near-solar abundances ('D', disk dwarfs). Finally, column 13 cites the relevant references for the adopted classification.
2.2
A priori exclusions
The stars listed in Table 1 have been selected based solely on parameters given in the published Hipparcos catalogue. However, auxiliary criteria can be used to eliminate a number of candidates at the outset. First, five stars are known to be members of nearby stars clusters: HIP 17481 (HD 23290) and 17497 (HD 23289) are both main-sequence members of the Pleiades cluster; HIP 20527 (VR 9), 21261 (Leiden 65) and 22177 (Leiden 119) are known to be M dwarfs in the Hyades cluster. In the case of the Pleiades stars, the Hipparcos parallax is overestimated by ∼ 2 mas, while the (B-V)T colours measured for all three Hyads are all ∼ 0.6 magnitudes too blue. Second, the formal Hipparcos astrometric solutions are known to be unreliable if the target star is a close double. Thirty-nine stars from Table 1 are identified as double stars or suspected binaries in the Hipparcos catalogue. Of the systems with resolved components (flagged as Dbl. C in Table  1 ), two are listed as having solutions of quality C (65201 and 90216), and two as quality D (10529 and 44436). We have not excluded those systems from consideration, but will interpret the results accordingly.
In some cases, more accurate astrometry can be derived by re-analysing the individual Hipparcos measurements. Both Falin & Mignard (1999) and Fabricius & Makarov (2000a) have undertaken such an exercise, and their results show that trigonometric parallaxes of at least two stars listed in Table 1 require revision: re-analysing data for HIP 21000 (BD +4 701A) indicates that πHip is overestimated by 76 mas, while the catalogued parallax of HIP 90724 (HD 170368) should be reduced by 27 mas. In both cases, the revised parallaxes are ∼ 7 mas, with uncertainties of ∼ 15%. As discussed later, accurate UBVRI photometry is consistent with the larger distances and higher luminosities, and both stars are clearly ruled out as possible metal-poor subdwarfs.
Finally, the Hipparcos catalogue cites a goodness of fit statistic (which we denote |F |) for the astrometric solution obtained for most stars (stars flagged as Dbl. X are exceptions). Solutions where |F | is greater than 2.5 can generally be regarded as suspect. Seventeen stars in Table 1 exceed that limit, and these stars can be eliminated as potential subdwarf calibrators.
PREVIOUS SPECTROSCOPIC OBSERVATIONS
A sizeable minority of the sample listed in Table 1 are known metal-poor subdwarfs or subgiants, with previous spectroscopically-based abundance determinations. Those stars are useful benchmarks in assessing the accuracy of both photometric abundance estimates and of our own spectrophotometry ( §6). Reid (1998) and Clementini et al. (1999) , systematic differences exist between the abundance scales used in some of these analyses; in particular, CLLA and RN tend to derive lower abundances for metal-poor ([m/H]< −1) stars. Given our current aims, however, we have not attempted to adjust all measurements onto a single, self-consistent scale.
INTERMEDIATE-BAND PHOTOMETRIC OBSERVATIONS
Strömgren photometry
The uvby system devised by Strömgren (1966) provides an effective means of estimating the physical properties of Fand G-type stars. The (b − y) colour is correlated with effective temperature, while the m1 index, defined as measures metallicity by determining the relative lineblanketing in blue and ultraviolet passbands. Finally, the c1 index, defined as
is gravity sensitive, allowing separation of main-sequence dwarfs and subgiants. We have located Strömgren photometry of 97 stars from Table 1 , notably from Hauck & Mermilliod's (1998) uvby catalogue. Table 3 lists the relevant data. together with the source of the photometry. We have used the relations derived by Schuster & Nissen (1989) to derive abundance estimates for those stars with measured m1 and c1 indices. As discussed by Reid (1998) , there are systematic offsets between high-resolution spectral analyses and this calibration, partially tied to the revision in the value for the solar iron abundance (see Biémont et al., 1991) . However, the discrepancies are generally less than 0.2 dex., as illustrated in Figure 3 .
We have combined Hipparcos parallax measurements with the V-band data listed in Table 3 to derive absolute Schuster & Nissen, 1988) , together with observations of members of the Hyades cluster (Crawford & Perry, 1969) . Distances for the latter stars are derived from their proper motions and the Hipparcos determination of the average convergent point (Perryman et al., 1998) .
Several stars deserve special mention: the bluest star listed in Table 3 is HIP 10360, which is classified as a field blue straggler by Bond & MacConnell (1980) ; the goodness of fit statistic, |F |, is 3.51, indicating unreliable Hipparcos astrometry. Two other stars listed in Table 4 , HIP 36818 and 109067, are moderately metal-poor, but lack accurate parallax data. The bluest star plotted in Figure 4 is HIP 81617, which lies close to the Galactic Plane and has nearsolar abundance. As discussed further in section 4.2, this is probably a reddened, early-type main-sequence star. Fi- Table 3 ; however, as discussed further in §6, spectroscopy shows that the two stars are unrelated.
Considering the other stars in Table 3 , nineteen have photometric abundances [Fe/H]S < −1.4. The latter are plotted as solid points in Figure 4 , and many lie closer to the disk main sequence than might be expected. Several are known binaries, notably HIP 16404 (BD +66 268), main catalogue), but it seems likely that even this value is an overestimate.
Walraven photometry
The Walraven photometric system covers the wavelength range from 5700Å to the ultraviolet atmospheric cutoff with a series of five intermediate-and narrow-band filters (Lub & Pel, 1977) . The ((B-L), (V-B)) two-colour diagram is particularly sensitive to abundance variations (and insensitive to changes in gravity). Nine stars from (1991) . All are expected to be early-type disk dwarfs at distances exceeding 100 parsecs. Table 4 falls above the [m/H]=-1.0 sequence, and only HIP 60251 (HD 107440) appears likely to have an abundance significantly below the solar value. Our UBV observations of the last-mentioned star, discussed in the following section, reveal only a modest ultraviolet excess, while spectroscopy ( §6.2) shows linestrengths consistent with an abundance within a factor of two of the solar value. We conclude that none of the stars listed in Table 4 is a halo subdwarf.
BROADBAND PHOTOMETRIC OBSERVATIONS
Ultraviolet excess and stellar abundances
The Johnson-Cousins UBVRI system is, by far, the most widely used broadband photometric system. The main characteristics are described by Bessell (1979 Bessell ( , 1983 . The U-band covers the wavelength range from the atmospheric cutoff (∼ 3200Å) to ∼ 3950Å. As result, the total flux in U depends strongly on the extent of line blanketing, and hence the abundance of heavy elements. Shortly after the inception of the UBV system, Wallerstein & Carlson (1960) showed that ultraviolet excess, defined as The degree of excess ultraviolet flux at a given chemical abundance depends on the effective temperature, with the maximum variation occurring at (B-V)=0.6 magnitudes. Sandage (1969) took this variation into account by using differential blanketing calculations by Wildey et al. (1962) to compute the correction factors required to scale an observed δ(U-B) to the appropriate value for a star at (B-V)=0. 6, δ0.6. Carney (1979) compiled data for stars with high-resolution spectroscopic abundance analyses and derived a relation between δ0.6 and [Fe/H]. As noted above, there have been -Ferro et al., 1991; F2 -Franco, 1994; HM -Hauck & Mermilliod, 1998; K1 -Knude, 1981; M1 -Manfroid et al., 1987; O1 -Oblak, 1991; Ol1 -Olsen, 1994a; Ol2 -Olsen, 1994b; S1 -Schuster & Nissen, 1988; S2 -Schuster et al., 1993; T1 -Twarog, 1980. changes in both the zeropoint and scale of abundance determinations since Carney's analysis, so we have re-computed the calibration. Using UBV photometry from Carney (1979) and Carney et al. (1994) , we have calculated δ0.6 for 42 stars with [Fe/H] measurements by either Gratton et al. (1997a) or Axer et al. (1994) . The relevant data are listed in Table  5 . The best-fit second order polynomial is The dispersion about the mean relation is significant: σ [F e/H] = 0.26 dex, with the uncertainties increasing with decreasing abundance. Moreover, Figure 7 shows that the majority of the calibrating stars fall within a relatively restricted range in (B-V) colour. However, our main purpose is identifying candidate subdwarfs, rather than deriving accurate abundances. Figure 6 shows that stars with halo-like abundances ([Fe/H]< −1) can be expected to have ultraviolet excess values of δ0.6 > 0.18 ([Fe/H]=-0.97 dex from our calibration). We adopt this as our primary selection criterion in identifying new subdwarf candidates from UBV data. 
Published UBVRI observations of candidate subdwarfs
Using the SIMBAD database, we have located seventy-six UBVRI photometric observations of sixty-nine stars from Table 1 . Those data are listed in Table 6 , where we list Rand I-magnitudes on the Cousins system, using the relations given by Bessell (1979 Bessell ( , 1983 and Bessell & Weis (1987) to transform data where necessary. We note that several subdwarfs (eg HD 19445) have Johnson RI photometry from the 1960s: we have not included those data in the current compilation. early-type M dwarfs with highly-discrepant Tycho photometric colours. Of the relatively small number of stars in Table 6 identified as having halo-like abundances, most are well known subdwarfs. Only HIP 94704 (G207-23) stands out as a possible addition to current samples, and that star has a δ0.6 abundance of [Fe/H] = -1.0, close to the upper boundary of the halo distribution.
SAAO UBVRI observations
In addition to compiling literature photometry, we have undertaken a programme of new observations using the facilities at the Sutherland station of the South African Astronomical Observatory. Between two and four photometric measurements have been obtained of 175 stars from Table  1 . In addition, UBVRI data have been obtained for thirteen known metal-poor subdwarfs. Combined with the literature data discussed above, these measurements provide the first extensive, reliable Cousins R-and I-band data for metalpoor dwarfs with accurate trigonometric parallax measurements.
The observations were made between July 1998 and December 1999 using the modular photometer on the 0.5-metre telescope. The photometer employs a Hamamatsu R943-02 (GaAs) photomultiplier, and a Johnson-Cousins UBVRI filter set (Kilkenny et al., 1998) . The data were reduced using standard techniques, and calibrated through observations of E-region standard stars (Cousins, 1973; Menzies et al., 1989) . Full details on the techniques employed are given by Kilkenny et al. (1998) . Table 7 lists the derived colours and magnitudes for the Hipparcos candidate subdwarfs; twentythree stars were observed at only one epoch, and those data are listed separately at the end of the table. Table 8 presents SAAO data for additional subdwarfs, where we also list Hipparcos astrometry (G113-26 was not observed by Hipparcos) and, if appropriate, inferred absolute magnitudes. All of the programme stars are bright, and, as a result, the photometric uncertainties are typically less than 0.01 magnitude in V and in each colour. Six stars have Vband photometric uncertainties exceeding 0.015 magnitudes. These include the known variable TW Hydrae, HIP 53911, a 10 Myr-old K7 T Tauri star, and the early-type M dwarf, AC +18 1061 (HIP 112389).
Comparing the SAAO photometry against the literature data included in the Hipparcos catalogue (i.e. V l , not VT ), we find ∆V = (VSAAO − V l ) = −0.007 ± 0.042
The largest discrepancy is for HIP 117121, where VSAAO = 11.12, 0.48 magnitudes brighter than the value listed in the Hipparcos catalogue. Since no (B-V) l measurement is given, the SAAO data are clearly more reliable. Eliminating that point gives ∆V = −0.005 ± 0.021 Figure 10 plots the UBV two-colour diagram outlined by the stars with SAAO data; ninety percent of the sample fall between the Hyades sequence and the δ0.6 calibration. The star lying well above the main-sequence, at (B-V)=0.88, (U-B)=-0.45, is TW Hydrae, while HIP 90724 (HD 170368) has an unusually red (U-B) colour and falls below the Hyades sequence. Neither star has unusual colours in (V-R) or (V-I). SIMBAD lists a spectral type of A7V for HIP 90724, and, as noted above, the true parallax is less than 10 mas. The location on the UBV plane is consistent with its being a distant A dwarf, reddened by EB−V ∼ 0.3 magnitudes. The star lies towards the Galactic Bulge, albeit at a modest distance from the Plane ( l = 358 o , b= -12 o ), and patchy foreground reddening at the observed level is not unreasonable.
We have used the δ0.6 calibration outlined above to estimate abundances for stars with (B-V) colours between 0.35 and 1.10 magnitudes, and those estimates are listed in Tables 7 and 8. Twenty-nine stars have [Fe/H]0.6 ≤ −1.0. Of these, twenty-two were previously known to be halo stars; seven (HIP 4750, 17241, 43490, 54834, 73798, 95190 , 114271 § ) are additions to the list of metal-poor calibrators.
The VRCIC observations listed in Table 6 Table 6 . The disk main sequence (crosses) is delineated by stars from the Gliese/Jahreiss Nearby Star Catalogue with both accurate photometry (Bessell, 1991; Leggett, 1992) more evident in the VRI plane, both individual (HIP 20527, HIP 92277) and systemic: the literature data for M dwarfs ( (V-I)>1) lies blueward of the SAAO sequence in (V-R). This is not unexpected, since the extended red tail of the Cousins R-band is difficult to reproduce exactly, and different filter/detector combinations lead to significant colour terms.
Finally, Figure 13 plots the distribution of the candidate subdwarfs listed in Table 7 in the (MV , (B-V)) and (MV , (V-I)) planes. In most cases, the locations of individual stars are consistent with abundances inferred from the δ0.6 ultraviolet excess, and the overwhelming majority are mildly metalpoor disk dwarfs.
One star stands out from the main body of data: HIP 28122, at (MV =6.37, (B-V)=0.42). While the Hipparcos catalogue notes no duplicity problems, inspection of the Palomar plates in the Digital Sky Survey show that this star (HD 40007, or BD +10 936) lies ∼ 20 arcseconds from another star of similar brightness. That star is BD +10 936B (V=10.02±0.03, (B-V)=0.45±0.02: Kilkenny, priv. comm.), star 28121 in the Hipparcos input catalogue, but unobserved in the survey itself. The goodness of fit statistic for the astrometry of HIP 28122 is |F |=2.48, barely within our adopted limits. As discussed further below, spectroscopy indicates that both stars are of near-solar abundance, with no evidence for peculiarities. It seems likely that the proximity of the bright companion has affected the Hipparcos analysis, and the parallax has been overestimated.
Summary
We have catalogued the available photometric observations of the 317 stars listed in Table 1 Table 7 . As in Figure 9, 
SPECTROSCOPIC OBSERVATIONS
In addition to photometric observations, we have obtained spectroscopy of over 170 stars from Table 1 . Those spectra cover a number of prominent metal lines and molecular bands, and therefore provide additional abundance information.
Las Campanas Observations
Our observations were obtained in January and November, 1998, using the modular spectrograph at Las Campanas Observatory. The initial observations were made from January 1 to 6 (UT), with the spectrograph mounted on the 100-inch Du Pont telescope; the later observations were made on November 28, 29 and 30 (UT), with the same spectrograph mounted on the Swope 40-inch telescope. In both cases, we employed a 600 l/mm grating, blazed at 5000Å with the spectrum centred at 4700Å on the detector, a SITE CCD chip. The 100-inch observations provide wavelength coverage from 3780 to 6000Å at a dispersion of 1.3Åpix −1 ; the Table 7 . SAAO UBVRI photometry 40-inch data span 3790 to 5900Å at a dispersion of 1.1 Apix −1 . The former observations have a resolution of 2.6Å; the latter, a resolution of 2.9Å.
The data were reduced using standard techniques incorporated in the IRAF software analysis package. The spectra were flat-field corrected using observations of tungsten lamps, and the individual spectra extracted using the apextract task. The wavelength calibration for both datasets was set using observations of hollow-cathode arc lamps obtained at the start of each night. Given the relatively low resolution of these spectra, we have not attempted to determine radial velocities for the target stars. Once wavelength calibration was established, the spectra were set on a flux scale using observations of the standard stars LTT 1020, LTT 2415 and Hiltner 600 (Baldwin & Stone, 1984) . Inter-comparison of standards shows that the calibration is generally accurate to better than 5% on large scales (> 150Å). Since our main priority is measuring equivalent widths of individual atomic features, these data are adequate for our present purposes. Table 7 . SAAO UBVRI photometry (contd.) 
Metallicities of programme stars
The wavelength régime spanned by our observations includes a number of strong atomic lines and molecular bands in common use as abundance indicators for F-, G-and Ktype stars. Those include the Ca II H & K lines, Ca I 4227Å, the G-band at 4300Å, the Mgb triplet and numerous FeI lines (notably at 5270 and 5331Å), besides the hydrogen Balmer lines Hβ to H9. The latter, particularly Hβ, are important in offering temperature calibration, since many of the Hipparcos stars lack reliable photometric colours.
Tables 9 and 10 list our equivalent width measurements of several key features: the Ca K line, the G-band, the strongest Mgb feature (5170Å), Hβ, and the Fe I 5270 and 5331Å lines (Fe1 and Fe2, respectively) . The 100-inch spectra were measured by SM, and the 40-inch spectra by INR. Although both sets of measurements are internally consistent, there are systematic differences in approach. There are Carney et al., 1994; 2. -Clementini et al., 2000; 3. -Axer et al., 1994; 4. -Gratton et al., 1997. only a handful of stars in common between the two sets of observations, but each encompasses a substantial number of stars of known abundance. Since our goals are qualitative, rather than quantitative, we analyse the two datasets separately.
All of the measured features are strong lines, since our primary aim remains identifying metal-poor stars likely to have [Fe/H]≤ −1. The chosen indicators are insensitive to metallicity variation at near-solar abundance, but provide good discrimination at halo abundances. Repeat observations of a number of stars show that the random uncertainties associated with the measured equivalent widths are typically ±0.15Å. Those uncertainties are likely to be characteristic of the errors in our observations of metal-poor stars. However, systematic errors, notably regarding continuum placement, are undoubtedly present at a comparable level in line-rich, disk-abundance dwarfs.
We have calibrated our chosen abundance indicators using observations of stars with spectroscopically-determined abundances, either from Table 2 or from the extensive catalogue of Carney et al. (1994) . In both cases, we supplement those calibrators with programme stars whose metallicity has been determined using Strömgren photometry (Table  3 ). Figure 14 illustrates the methods employed. Since our chosen indices lack sensitivity at near-solar abundances, we have not attempted to separate metal-rich and intermediate abundance stars, and identify only the candidate haloabundance subdwarfs. Where necessary, we have also used our our spectroscopic data to estimate spectral types, and determine whether those values are compatible with the (B-V)T colours.
We have spectroscopy of 175 stars from Table 1 More detailed spectroscopic observations of these stars will provide more accurate abundance estimates.
As Figure 14 shows, our C40 observations include a higher proportion of earlier-type dwarfs, with Hβ equivalent widths exceeding 6Å. G271-11 is the only calibrator with Balmer lines of comparable strength; both Ca II K and Mgb are significantly stronger in that star than the Hipparcos stars. Carney et al. (1994) Lub & Pel, 1977) . The nine stars listed in Table  4 are plotted as solid points, and none lie above the [m/H]=-1.0 sequence outlined by the stellar models. Figure 6 . The calibration of ultraviolet excess, δ 0.6 , as a function of metal abundance. The solid line shows the present calibration; the dotted relation plots Carney's (1979) relation; H marks the location of Hyades stars, the reference point of the calibration; and the dotted vertical line shows δ 0.6 =0.18, the criterion we adopt to segregate candidate halo subdwarfs. Table 6 . As in Figure 7 , the solid line and dotted line are the Hyades and δ 0.6 =0.18 sequences. (Table 7) . Additional observations of known subdwarfs (from Table 8 ) are plotted as open circles. As in Figure 6 , the solid line and dotted line are the Hyades and δ 0.6 sequences. Tables 6 and 7 ; the symbols have the same meaning as in Figure  11 . There is a systematic offset between the two datasets for K and M dwarfs. Given the good agreement evident in Figure 11 , this offset likely arises from differences in the R bandpass employed in different observations.
HIP 3531AB: also known as BD -8 133, our observations indicate that this is a close double star, separation ∼ 5 arcseconds. The primary is a late-type K dwarf; the secondary, an M2/M3 dwarf, ∼ 2.5 magnitudes fainter. Both are nearsolar abundance disk dwarfs. HIP 4750: Ca, Mg and Fe equivalent widths are consistent with [Fe/H]< −1; the G-band is significantly stronger than average. We identify this as a likely CH-strong subdwarf. HIP 10360: Our spectroscopy confirms that this star is of spectral type A. The strong Ca II K line suggests a relatively high metallicity. HIP 28121/28122: As noted above, these stars form the binary BD +10 936A/B. The fainter star, HIC 28121, was not observed by Hipparcos. Our measured linestrengths indicate that both stars are at most mildly metal poor, [Fe/H]> −0.5. HIP 43490: also known as CD -79 347A, this subdwarf has a common proper-motion companion, ∼ 1 arcminute South and ∼ 2 magnitudes fainter. Photometry and spectroscopy of CD -79 347B will therefore provide additional calibration of the [Fe/H]∼ −1 main sequence. HIP 44436: As noted above, our spectroscopy shows that this is an early-type star. In addition to strong Balmer lines, we detect Mg II 4481Å with an equivalent width of 0.5Å. HIP 49574: Another candidate CH-strong subdwarf HIP 52285: also known as BD +4 2370, spectral type K2. The companion, BD +4 2370B, is ∼ 1 magnitude fainter. HIP 65940: Upgren (1972) classifies this star as spectral type K2V. HIP 106204: Upgren (1972) classifies this star as spectral type K7V.
HIP 106904: Another subdwarf with CH bandstrengths apparently stronger than normal for metal-poor stars. HIP 117882: As noted in §4.1, the linestrength measured for this star indicate a near-solar abundance, inconsistent with the absolute magnitude implied by the Hipparcos parallax.
DISCUSSION
The subdwarf sample
Combining all of the photometric and spectroscopic observations discussed in the previous sections, we have ancillary data for 270 of the 317 stars identified originally as candidate subdwarfs with parallaxes measured to an accuracy of 15%. SIMBAD lists BV photometry and spectral type for most of the remaining stars, although with no attributed source for either parameter. Several stars have discrepant colours and spectral types:
• HIP 88231 and HIP 95924 are classified as A0 and B9 respectively. Both lie close to the Galactic Plane, and are likely to be distant, reddened early-type stars, like HIP 81617 and 90724.
• HIP 70622, 76670 and 78952 are all classed as G5, but have (B-V) l = 0.46
• HIP 83070 has a fainter companion at a separation of 10 arcseconds which may affect the Hipparcos astrometry
• HIP 80781 is also noted as double in the Hipparcos catalogue.
More accurate photometry and spectroscopy of all fortyseven stars currently lacking population classification is clearly desirable. Table 11 summarises the available photometric data and metallicity estimates for forty-five stars we consider confirmed as halo subdwarfs. We have omitted stars with abundance determinations [Fe/H]> −1, including those with ambiguous results (e.g. HIP 35232: [Fe/H]0.6 = −0.2, spectral class 'H'). We add HIP 3026 from Table 8 , which has a formal parallax uncertainty of σπ π = 0.144, UBVRI photometry and an abundance [Fe/H]∼ −1. The extensive observations described in this paper succeed in making only nine additions (including HIP 114721) to the canon of fiducial subdwarfs. However, the data presented in Table 11 mark the most reliable and homogeneous compilation of broadband photometry currently available. These values should be used in preference to those derived by averaging results from inhomogeneous sources (e.g. as in Carretta et al., 2000) .
Amongst the stars listed in Table 11 , at least twelve were previously known or suspected to be binary stars. We add HIP 95190 to that list, based on its location in the HR diagram. Thirty-one stars (19 currently classed as single) have Strömgren data; 34 stars (25 single) have UBV measurements; and 32 stars (22 single) have VRI (Cousins) photometry. Carretta et al. (2000) have recently compiled their own sample of high-weight metal-poor stars, with reliable abundance estimates and Hipparcos parallaxes accurate to σπ π < 0.12. Their dataset spans a wider range in both colour and abundance than our sample, and includes eleven stars with [Fe/H]< −1 which are not in Table 11 . For completeness, we have searched the literature for UBVRCIC and Strömgren observations of those stars, and those data are given in Table 12 . Six of the twelve stars (HIP 7869, 33221, 49616, 73385, 76976 and HD 211998) are subgiants. Figure 15 plots the resultant colour-magnitude diagrams, combining data from both tables 11 and 12. The disk main sequence is defined in the Johnson/Cousins system by nearby stars with σπ π < 0.15 and BVRI photometry from Bessell (1990) ; the Strömgren sequence is defined by the same stars plotted in Figure 3 . We have included the (MR, (R-I)) diagram to illustrate the insensitivity to abundance of the location of the main sequence in that plane. With few strong absorption features in either band, decreasing abundance produces a relatively small change in the differential blanketing. Such is not the case at lower luminosities, where variations in TiO bandstrength lead to more substantial offsets between disk and halo (Gizis, 1997 Table 2 -high-resolution analyses are given preference for stars with multiple estimates); column 10 lists Strömgren-based metallicities; column 11 gives δ(0.6) values; column 12 indicates whether the subdwarf was known previously (*) or is an addition (n), and identifies known or suspected binaries (bin).
sequence star with both an accurate parallax and a reliable abundance measurement ¶ . ¶ Carretta et al. (2000) include HIP 46120 = CD-80:328 in their recent re-analysis of globular cluster distances, but they adopt [Fe/H]=-1.75, rather than -2.07, as derived by Ryan & Deliyanis (1998) . They comment that, at the adopted metallicity, the star occupies an anomalous position in the colour-magnitude diagram. Those anomalies are not present at the lower abundance adopted in our analysis.
It is not our intention to re-examine globular cluster distances in this paper. Nonetheless, Figure 16 offers a single comparison, matching the nine extreme subdwarfs discussed above against NGC 6397 in the (MV , (B-V)) plane. Table  12 includes three subdwarfs from Carretta et al. (2000) with [Fe/H]< −1. 6: HIP 18915, 31332 and 79537. However, Figure 15 shows that HIP 31332 lies above the disk main sequence, suggesting either that the star is a binary or that there is an error in either the abundance measurement or the photometry; moreover, HIP 79537 has discordant metal- Tables 11 and 12 . In each case, disk main sequence stars are plotted as crosses. Subdwarfs from Table 11 with [Fe/H]≤ −1.6 are plotted as dots; triangles mark higher abundance subdwarfs; known or suspected binaries are plotted as solid symbols; data for stars from Table 12 are plotted as five-point stars. The cluster (M V , (B-V)) sequences are identical to those plotted in figure 2. licity estimates, with Ryan & Deliyannis (1998) measuring [Fe/H]=-1.38, rather than -1.64. We therefore include only HIP 18915 in Figure 16 . Figure 15 plots the subdwarf absolute magnitudes derived directly from the Hipparcos trigonometric parallax measurements; in Figure 16 , the absolute magnitudes have been corrected for Lutz-Kelker bias using the n=3 approximation from Hanson (1979) . The corrections are small: ∆LK < 0.2 mag. for all stars, and ∆LK < 0.1 for (B-V)> 0.5. We have also used theoretical models from Straniero & Chieffi (1991) to determine the appropriate colour corrections to adjust the lower main-sequence stars to match [Fe/H]=-1.82, the abundance derived by Gratton et al. (1997) for NGC 6397. The NGC 6397 fiducial sequence, adjusted to a true distance modulus of 12.14 mag. and a reddening of EB−V =0.18 mag., is simply superimposed on the diagram. The subdwarf data are not inconsistent with the adopted cluster distance modulus. Following the arguments outlined by Reid (1998) , the corresponding distance modulus inferred for the Large Magellanic Cloud is (m-M)0=18.62.
CONCLUSIONS
We have searched the Hipparcos catalogue for previously unrecognised halo subdwarfs which might be added to the current meagre sample of stars suitable for globular cluster main-sequence fitting. Our survey, covering 263 of 317 candidates with (B-V)T < 0.8 and σπ π ≤ 0.15, shows that few such stars remain hidden in the current database. However, in the course of this exercise we have compiled the first catalogue of reliable UBVRCIC photometry of spectroscopicallyconfirmed halo subdwarfs with accurate trigonometric par- Bessell, 1990 (BVRI); C1 - Cousins, 1972; C2 -Carney, 1980 (UBV); CL -Carney & Latham, 1987; R1 -Ryan, 1992; R2 -Ryan, 1989 ; S -SIMBAD database allax measurements. Our sample includes a bare handful of extreme subdwarfs, notably HIP 46120, suitable for matching against metal-poor clusters such as M15, M68 and M92. Globular cluster main-sequence fitting distance determinations have been undertaken almost exclusively in the (MV , (B-V)) plane. This concentration reflects necessity rather than choice: the (MR, (R-I)) plane, for example, may offer significant advantages in greater tolerance to abundance uncertainties, but even with the observations contributed in this paper, many key subdwarfs still lack reliable photometry. Filling the gaps in Tables 11 and 12 should be a high priority.
As has been pointed out elsewhere, the dominant uncertainty in cluster distance analysis lies with the available photometry, rather than parallax measurements. Indeed, at a more general level, it remains the case that many stars in the Hipparcos catalogue, which have astrometric measurements at sub-milliarcsecond precision, have received no attention from ground-based observatories since the completion of the Henry Draper or Bonner Durchmusterung catalogues. We are in the paradoxical situation is knowing their distances with higher accuracy than their apparent magnitudes or spectral types. This is a matter which should be borne in mind when considering future large-scale astrometric projects. 
